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(57) The present invention seeks to to shorten the 
scanning time with an ink jet head for forming a pattern 
of filter elements of a color filter, picture element pixels 
of an EL device, or the like. An apparatus for producing 
a color filter including a plurality of filter elements ar- 
ranged on a substrate. The apparatus includes a plural- 
ity of heads 20 each having a nozzle row 28 having a 
plurality of nozzles 27 arranged, an ink supply device 
for supplying a filter element material to the heads 20, 
a carriage 25 supporting the heads 20 arranged there- 
on, a main scanning driving device for moving the car- 
riage 25 by main scanning in the X direction, and a sub- 
scanning driving device for moving the carriage 25 by 
sub-scanning in the Y direction. The carriage 25 sup- 
ports the plurality of heads 20 each of which is inclined 
at an in-plane inclination angle 6. 
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Description 

[0001] The present invention relates to an apparatus 
and method for discharging a material to an object. Par- 
ticularly, the present invention relates to an apparatus 
and method for producing a color filter used for optical 
devices such as a liquid crystal device, and the like. The 
present invention also relates to an apparatus and meth- 
od for manufacturing a liquid crystal device having a 
color filter. The present invention further relates to an 
apparatus and method for manufacturing an EL device 
for displaying by using an EL luminescent layer. The 
present invention further relates to an electronic appa- 
ratus manufactured by any one of the above-described 
methods. 

[0002] Recently, display devices such as a liquid crys- 
tal device, an electroluminescence device (referred to 
as an "EL device"), and the like have been widely used 
as display sections of electronic apparatuses such as a 
cell phone, a portable computer, etc: In recent years, 
also a full-color display by a display device has been 
increasingly made. A full-color display of a liquid crystal 
device is made by, for example, transmitting light, which 
is modulated by a liquid crystal layer, through a color 
filter. The color filter comprises dot-shaped color filter 
elements of R (red), G (green) and B (blue) which are 
formed in a predetermined arrangement such as a 
stripe, delta, or mosaic arrangement on the surface of 
a substrate of glass, plastic, or the like. 
[0003] In a full-color display of an EL device, dot- 
shaped EL luminescent layers of R (red), G (green) and 
B (blue) colors are provided in a predetermined arrange- 
ment on electrodes, which are formed in any desired ar- 
rangement, on the surface of a substrate made of, for 
example, glass, plastic, or the like. The voltage applied 
to these electrodes is controlled for each pixel to emit 
light of a desired color from each pixel, thereby perform- 
ing a full-color display. 

[0004] It is conventionally known that a photolithogra- 
phy process is used for patterning the filter elements of 
each of the R, G, and B colors of the color filter, or pat- 
terning the pixels of each of the R, G, and B colors of 
the EL device. However, the use of the photolithography 
process has the problem of complicating the process, 
and increasing the cost due to the high consumption of 
each color material and photoresist, etc. 
[0005] In order to solve the problem, a method has 
been proposed, in which a filter material, an EL lumines- 
cent material, or the like is discharged in a dot shape to 
form a dot-arrangement filament or EL luminescent lay- 
er, or the like. 

[0006] Consideration will now be given to a case in 
which as shown in Fig. 22(b), a plurality of dot-shaped 
filter elements 303 are formed by an ink jet method in 
each of a plurality of panel areas 302, which are set on 
the surface of a large-area substrate of glass, plastic, or 
the like, i.e., a so-called motherboard 301 shown in Fig. 
22(a). In this case, during several times (twice in the 



case shown in Fig. 22(b)) of main scanning with an ink 
jet head 306 having a nozzle row 305 comprising a plu- 
rality of nozzles 304 arranged in a row as shown in Fig. 
22(c) for each panel area 302, as shown by arrows A1 
s and A2 in Fig. 22(b), an ink, i.e., a filter material, is dis- 
charged from the plurality of nozzles to form the filter 
elements 303 at desired positions. 
[0007] The filter elements 303 of each of the R, G, and 
B colors are formed in an appropriate arrangement such 
10 as a stripe, delta or mosaic arrangement. Therefore, for 
ink discharge from the ink jet head 306, the ink jet head 
306 for discharging each of the R, G, and B colors is 
previously provided for each of the three colors R, G and 
B so that the ink jet heads 306 are successively used to 
15 form an arrangement of the three colors of R, G and B 
on the mother board 301 , as shown in Fig. 22(b). 
[0008] The number of the nozzles provided on the ink 
jet head 306 is generally about 160 to 180. The mother 
board 301 generally has a larger area than the ink jet 
head 306. Therefore, in forming the filter elements 303 
on the surface of the mother board 301 by using the ink 
jet head 306, the ink jet head 306 must be moved sev- 
eral times on the mother board 301 by main scanning 
while being moved relative to the mother board 301 by 
sub-scanning to discharge ink during each time of main 
scanning, drawing a pattern. 

[0009] However, this method has the problem of re- 
quiring a long drawing time, i.e., a long time for produc- 
ing a color filter, because of the large number of times 
of scanning of the mother board 301 with the ink jet 
head. In order to solve this problem, the applicant pro- 
posed a method in Japanese Application No. 11-279752 
in which a plurality of heads are linearly arranged and 
supported by a supporting member to increase the sub- 
stantial nozzle number. 

[0010] By using this method, for example, as shown 
in Fig. 23(a), a plurality of heads 306, e.g., six heads 

306, are linearly supported by a supporting member 

307, and a plural times of main scanning are performed 
as shown by arrows A1 , A2, ... with movement of the 
supporting member 307 by sub-scanning in the sub- 
scanning direction Y, to selectively discharge ink from 
each of nozzles 304 during each time of main scanning. 
This method can supply the ink to a wide area by one 
time of main scanning, thereby certainly shortening the 
time required for producing a color filter. 
[0011] In the conventional method shown in Fig. 23 
(a), each of the heads 306 is arranged in parallel with 
the sub-scanning direction Y to form a linear nozzle row, 
and thus the distance between the plurality of the noz- 
zles, i.e., the nozzle pitch, must be the same as the dis- 
tance between the filter elements 303 on the mother 
board 301, i.e., the element pitch. However, it is very 
difficult to form an ink jet head so that the nozzle pitch 
is the same as the element pitch. 
[0012] A possible method for solving the problem is 
to incline the supporting member 307 at an angle 0 with 
the sub-scanning direction Y, coinciding the nozzle pitch 
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of the heads 306 with the element pitch on the mother 
board 301 , as shown in Fig. 23(b). However, in this case, 
a deviation with a dimension Z in the main scanning di- 
rection X occurs in the nozzle row formed by the heads 
306 arranged in a row, thereby causing the problem of 
increasing the main scanning time for ink discharge by 
a time corresponding to the deviation. Particularly, in the 
use of such a six-linked structure head unit as shown in 
Fig. 23(b), the deviation has a long dimension because 
of the long nozzle row, thereby causing the problem of 
the need to further increase the main scanning time. 
[0013] The present invention has been achieved in 
consideration of the above problem, and an object of the 
present invention is to shorten the scanning time of an 
in Ink jet head for forming a pattern of filter elements of 
a color filter, picture element pixels of an EL device, or 
the like. 

[0014] In order to achieve the object, an apparatus for 
discharging a material to an object according to the 
present invention comprises a plurality of heads each 
having a nozzle row comprising an arrangement of a 
plurality of nozzles; a supporting mechanism for sup- 
porting the plurality of the heads; and a mechanism for 
scanning one of the object and the supporting mecha- 
nism relative to the other; wherein the nozzle row is in- 
clined relative to the scanning direction. More specifi- 
cally, the plurality of the heads are supported obliquely 
relative to the longitudinal direction of the supporting 
mechanism. The term "scanning" means one or both of 
main scanning in a main scanning direction and sub- 
scanning in a sub-scanning direction crossing the main 
scanning direction. 

[0015] In the apparatus for discharging a material of 
the present invention, a substrate is scanned with the 
supporting means for supporting the plurality of the 
heads so that the material can be discharged from the 
plurality of the heads. Therefore, the scanning time can 
be shortened, as compared with scanning of an object 
with a single head. 

[0016] In the present invention, preferably, the plural- 
ity of the heads have substantially the same nozzle pitch 
of the nozzle rows, and substantially the same inclina- 
tion angles of the nozzle rows. The reason for this is that 
the material to be discharged can be regularly dis- 
charged to the object to facilitate control for drawing a 
regular pattern. 

[0017] Since scanning is performed with each of the 
heads in an inclined state, the nozzle pitch of the nozzles 
belonging to each of the heads can be coincided with 
the element pitch of the filter elements formed on the 
object. 

[0018] Furthermore, since each of the heads is in- 
clined, not the entire supporting means, the distance be- 
tween the nozzle closest to the substrate and the nozzle 
far from the substrate is shorter than the case in which 
the entire supporting means is inclined, thereby short- 
ening the scanning time of the substrate with the sup- 
porting means. 



[0019] In another aspect of the present invention, an 
apparatus for discharging a material to an object com- 
prises: a plurality of heads each having a nozzle row 
comprising an arrangement of a plurality of nozzles; a 
s supporting mechanism for supporting the plurality of the 
heads; a mechanism for scanning one of the object and 
the supporting mechanism relative to the other; and a 
mechanism for controlling the angle formed by at least 
one of the nozzle rows and the scanning direction. The 
10 apparatus for discharging a material preferably further 
comprises a mechanism for controlling the spacing be- 
tween the plurality of the nozzle rows. 
[0020] In the apparatus for discharging a material 
having the above construction, the nozzle rows are set 
is in an inclined state by the nozzle row angle control 
mechanism, thereby obtaining the same effect as the 
above-described apparatus for discharging a material. 
[0021 ] In the apparatus for discharging a material, the 
heads supported by the supporting mechanism can be 
coincided with different element pitches by the function 
of the nozzle row angle control mechanism. In this case, 
the distance between the adjacent nozzle rows can be 
precisely controlled by the function of the nozzle row 
spacing control mechanism so that the nozzle rows con- 
tinue with a constant nozzle pitch. 
[0022] The nozzle row angle control mechanism and 
the nozzle row spacing control mechanism are not lim- 
ited to special structures, and the above-described func- 
tions can be achieved by any achievable structure. For 
example, the nozzle row angle control mechanism can 
be achieved by the following: each of the heads is 
mounted on the supporting mechanism to be rotatable 
in a plane, and connected to a power source such as a 
pulse motor, a servo motor, or the like, which can control 
a rotational angle, directly or indirectly through a power 
transmission mechanism. In this construction, the incli- 
nation angle of each nozzle row can be controlled to a 
desired value by controlling the output angle value of 
the power source, and the inclination angle of each noz- 
zle row can also be fixed to the desired value by main- 
taining the output shaft of the power source in a lock 
state after control of the angle. 

[0023] The nozzle spacing control mechanism is also 
not limited to a special structure, and the function can 
be achieved by any achievable structure. For example, 
the function can be achieved by a structure in which the 
planar rotation center of each of the heads is slidably 
mounted on the supporting member, and the heads are 
connected to reciprocating slide movement driving 
means. The reciprocating slide movement driving 
means can be formed by, for example, a slide driving 
device comprising as a power source a rotating device 
such as a pulse motor, a servo motor, or the like, which 
can control the rotational angle, and a slide driving de- 
vice comprising a linear movement driving source such 
as a linear motor, or the like. 

[0024] The mechanism for controlling the angle 
formed by the nozzle row and the scanning direction can 
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preferably control the angle so that the plurality of heads 
provide substantially the same nozzle pitch and sub- 
stantially the same inclination angle of the nozzle rows. 
[0025] A method of discharging a material to an object 
according to the present invention comprises the step 
of scanning either a plurality of heads or a supporting 
mechanism for supporting the plurality of the heads rel- 
ative to the other, the heads each having a nozzle row 
comprising an arrangement of a plurality of nozzles; and 
the step of discharging the material to the object; where- 
in at least one of the nozzle rows is inclined relative to 
the scanning direction. In this case, one of the object 
and the supporting member is scanned relative to the 
other in a main scanning direction or a sub-scanning di- 
rection crossing the main scanning direction, or in both 
directions. 

[0026] Preferably, the plurality of the heads have sub- 
stantially the same nozzle pitch and substantially the 
same inclination angle of the nozzle rows. 
[0027] The method for discharging a material prefer- 
ably further comprises the step of controlling the angle 
formed by at least one of the nozzle rows and the scan- 
ning direction, or the step of controlling the spacing be- 
tween the plurality of nozzle rows. 
[0028] The apparatus and method for discharging a 
material can be used for, for example, an apparatus for 
producing a color filter by discharging a filter material to 
a substrate, a method of producing a color filter, an ap- 
paratus and method for manufacturing an EL device by 
discharging an EL luminescent material to a substrate, 
etc. Of course, applications are not limited to these ap- 
paratuses and methods, and there are applications to 
various technical fields. 

[0029] Particularly, a component produced by a pro- 
duction method comprising the method of discharging 
a material can be used for electronic apparatuses such 
as a cell phone, a portable computer, and the like. 
[0030] An apparatus for producing a color filter of the 
present invention comprises a plurality of heads each 
having a nozzle row comprising an arrangement of a 
plurality of nozzles, and a supporting mechanism for 
supporting the plurality of the heads, wherein the sup- 
porting mechanism supports the plurality of heads in an 
inclined state. 

[0031] In this construction, a filter possibly comprises 
colorants of the three primary colors including R (red), 
G (green), and B (blue), or C (cyan), Y (yellow) and M 
(magenta), for example. 

[0032] The apparatus for producing a color filter can - 
discharge a filter material from the plurality of heads dur- 
ing main scanning of a substrate with supporting means 
for supporting the plurality of heads, shortening the 
scanning time, as compared with scanning of an object 
surface with a single head. 

[0033] Since scanning is performed with each of the 
heads in an inclined state, the nozzle pitch of the nozzles 
belonging to each of the heads can be coincided with 
the element pitch of the filter elements formed on the 



substrate. Furthermore, since each of the heads is in- 
clined, not the entire supporting means, the distance be- 
tween the nozzle closest to the substrate and the nozzle 
far from the substrate is shorter than the case in which 
s the entire supporting means is inclined, thereby short- 
ening the scanning time of the substrate with the sup- 
porting means. Therefore, the time required for produc- 
ing a color fitter can be shortened. 
[0034] In the apparatus for producing a color filter hav- 
ing the above construction, the supporting means can 
support the heads in a fixed state, or in a state wherein 
the inclination angle and/or the head-to-head distance 
can be changed. 

[0035] In the apparatus for producing a colorfi Iter hav- 
ing the above construction, preferably, the plurality of 
the heads have substantially the same nozzle pitch of 
the nozzle rows, and substantially the same inclination 
angle of the nozzle rows. This can facilitate control for 
feeding the filter material to desired positions. 
[0036] The inclination angles of the nozzle rows are 
preferably the same in magnitude, but the inclination an- 
gles may change in direction between the plus and mi- 
nus directions. Hereinafter, "substantially the same" 
means cases including a case in which no great differ- 
ence occurs in functions even when a small difference 
occurs due to error in production. 
[0037] In a further aspect of the present invention, an 
apparatus for producing a color filter comprises a plu- 
rality of heads each having a nozzle row comprising an 
arrangement of a plurality of nozzles; a mechanism for 
supplying a filter material to the heads; a supporting 
mechanism for supporting the plurality of the heads; a 
main scanning mechanism for performing main scan- 
ning with the supporting mechanism; a sub-scanning 
mechanism for performing sub-scanning with the sup- 
porting mechanism; and a nozzle row angle control 
mechanism for controlling the inclination angles of the 
plurality of nozzle rows, and a nozzle row spacing con- 
trol mechanism for controlling the spacing between the 
plurality of nozzle rows. 

[0038] In the apparatus for producing a color filter hav- 
ing the above construction, each of the nozzle rows is 
set in an inclined state by the nozzle row angle control 
mechanism, thereby obtaining the same effect as the 
above-described apparatus for producing a color filter. 
[0039] In the apparatus for producing a second color 
filter, the heads supported by the supporting mechanism 
can easily be coincided with different element pitches 
by the function of the nozzle row angle control mecha- 
nism. In this case, the distance between the adjacent 
nozzle rows can be precisely controlled by the function 
of the nozzle row spacing control mechanism so that the 
nozzle rows continue with a constant nozzle pitch. 
[0040] The nozzle row angle control mechanism and 
the nozzle row spacing control mechanism are not lim- 
ited to special structures, and the above-described func- 
tions can be achieved by any achievable structure. For 
example, the same structures as described above for 
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the apparatus for discharging a material can be used. 
[0041] In the apparatus for producing a color filter, 
preferably, the plurality of heads have substantially the 
same nozzle pitch and substantially the same inclination 
angles of the nozzle rows. 

[0042] A method of producing a color filter according 
to the present invention comprises the step of scanning 
a plurality of heads each having a nozzle row comprising 
an arrangement of a plurality of nozzles in a main scan- 
ning direction while discharging a filter material from the 
plurality of nozzles to form filter elements on a substrate, 
wherein a plurality of heads are provided and arranged 
in an inclined state. 

[0043] In the above method of producing a color filter, 
the plurality of the heads are moved simultaneously in 
a main scanning direction so that the material can be 
discharged from each of the heads. Therefore, the scan- 
ning time can be shortened, as compared with scanning 
of the substrate surface with a single head. 
[0044] Since scanning is performed with each of the 
heads in an inclined state, the nozzle pitch of the nozzles 
belonging to each of the heads can be coincided with 
the element pitch of the filter elements formed on the 
substrate. Furthermore, since each of the heads is in- 
clined, not a row of the plurality of heads, the distance 
between the nozzle closest to the substrate and the noz- 
zle far from the substrate is shorter than the case in 
which the head row is inclined, thereby shortening the 
scanning time of the substrate with the plurality of nozzle 
rows. Therefore, the time required for producing a color 
filter can be shortened. 

[0045] In the method of producing a color filter having 
the above construction, preferably, the plurality of the 
heads have substantially the same nozzle pitch and 
substantially the same inclination angle of the nozzle 
rows. 

[0046] An apparatus for manufacturing a liquid crystal 
device of the present invention comprises a plurality of 
heads each having a nozzle row comprising an arrange- 
ment of a plurality of nozzles, a mechanism for supplying 
a filter material to the heads, a supporting mechanism 
for supporting the plurality of the heads, a main scanning 
mechanism for moving the supporting mechanism by 
main scanning, and a sub-scanning mechanism for 
moving the supporting mechanism by sub-scanning, 
wherein the supporting mechanism supports the plural- 
ity of heads in an inclined state. 

[0047] The apparatus for manufacturing a liquid crys- 
tal device can discharge ink, i.e., a filter material, from 
the plurality of heads during main scanning of a sub- 
strate with supporting means for supporting the plurality 
of heads, shortening the scanning time, as compared 
with scanning of a substrate surface with a single head. 
[0048] Since scanning is performed with the each of 
the heads in an inclined state, the nozzle pitch of the 
nozzles belonging to each of the heads can be coincided 
with the element pitch of the filter elements formed on 
the substrate. Furthermore, since each of the heads is 
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inclined, not the entire supporting means, the distance 
between the nozzle closest to the substrate and the noz- 
zle far from the substrate is shorter than the case in 
which the entire supporting means is inclined, thereby 
5 shortening the scanning time of the substrate with the 
supporting means. Therefore, the time required for pro- 
ducing a color filter can be shortened. 
[0049] A method of manufacturing a liquid crystal de- 
vice of the present invention comprises the step of mov- 
10 jng, in a main scanning direction, a head having a nozzle 
row comprising an arrangement of a plurality of nozzles 
while discharging a filter material from the plurality of 
nozzles to form a filter element on a substrate, wherein 
a plurality of the heads are provided to be arranged in 
is an inclined state. 

[0050] The manufacturing method can discharge ink 
from the plurality of heads while simultaneously moving 
the plurality of heads by main scanning, shortening the 
scanning time, as compared with scanning of a sub- 
strate surface with a single head. 
[0051] Since scanning is performed with the each of 
the heads in an inclined state, the nozzle pitch of the 
nozzles belonging to each of the heads can be coincided 
with the element pitch of the filter elements formed on 
the substrate. Furthermore, since each of the heads is 
inclined, not a row of the plurality of heads, the distance 
between the nozzle closest to the substrate and the noz- 
zle far from the substrate is shorter than the case in 
which the head row is inclined, thereby shortening the 
scanning time of the substrate with the plurality of nozzle 
rows. Therefore, the time required for producing a color 
filter, i.e., the time required for manufacturing a liquid 
crystal device, can be shortened. 
[0052] An apparatus for manufacturing an EL device 
of the present invention comprises a plurality of heads 
each having a nozzle row comprising an arrangement 
of a plurality of nozzles, a mechanism for supplying an 
EL luminescent material to the heads, a supporting 
mechanism for supporting the plurality of the heads, a 
main scanning mechanism for moving the supporting 
mechanism by main scanning, a sub-scanning mecha- 
nism for moving the supporting mechanism by sub- 
scanning, a nozzle row angle control mechanism for 
controlling the inclination angles of the plurality of the 
nozzle rows, and a nozzle row spacing control mecha- 
nism for controlling the distance between the plurality of 
the nozzle rows. 

[0053] The apparatus for manufacturing an EL device 
can discharge ink, i.e., an EL luminescent material, from 
the plurality of heads during main scanning of a sub- 
strate with the supporting means for supporting the plu- 
rality of heads, shortening the scanning time, as com- 
pared with scanning of a substrate surface with a single 
head. 

[0054] Since scanning is performed with the each of 
the heads in an inclined state, the nozzle pitch of the 
nozzles belonging to each of the heads can be coincided 
with the pixel pitch of the picture element pixels formed 
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embodiment of the present invention. 
Fig. 7 is a sectional view schematically showing the 
steps for producing a color filter, taken along line 
VII-VII in Fig. 6(a). 
5 Fig. 8 is a drawing showing examples of arrange- 

ment of picture element pixels of the three colors R, 
G and B in a color filter. 

Fig. 9 is a perspective view showing an ink jet ap- 
paratus according to an embodiment of the present 
10 invention, which is a main component of various 
manufacturing apparatuses such as an apparatus 
for producing a color filter of the present invention, 
an apparatus for manufacturing a liquid crystal de- 
vice of the present invention, and an apparatus for 
15 manufacturing an EL device of the present inven- 
tion. 

Fig. 1 0 is an enlarged perspective view showing a 
main portion of the apparatus shown in Fig. 9. 
Fig. 11 is a perspective view showing a head pro- 
20 vided in the ink jet head shown in Fig. 1 . 

Fig. 12 is a perspective view showing a modified 
example of a head. 

Fig. 13 is a drawing showing the internal structure 
of a head, in which Fig. 13(a) is a partially cut-away 
25 perspective view, and Fig. 13(b) is a sectional view 
taken along line J-J in Fig. 13(a). 
Fig. 14 is a block diagram showing en electric con- 
trol system used in the ink jet head apparatus 
shown in Fig. 9. 
30 Fig. 15 is a flowchart showing a flow of control ex- 
ecuted by the control system shown in Fig. 14. 
Fig. 1 6 is a perspective view showing another mod- 
ified example of a head. 

Fig. 1 7 is a drawing showing the steps of a method 
35 of manufacturing a liquid crystal device according 
to an embodiment of the present invention. 
Fig. 1 8 is an exploded perspective view showing an 
example of a liquid crystal device manufactured by 
the method of manufacturing a liquid crystal device 
40 of the present invention. 

Fig. 19 is a sectional view showing the sectional 
structure of the liquid crystal device taken along line 
X-X in Fig. 18. 

Fig. 20 is a drawing showing the steps of a method 
45 of manufacturing an EL device according to an em- 
bodiment of the present invention. 
Fig. 21 is a sectional view of the EL device corre- 
sponding to the steps shown in Fig. 20. 
Fig. 22 is a drawing showing an example of a con- 
so ventional method of producing a color filter. 

Fig. 23 is a drawing showing another example of a 
conventional method of producing a color filter. 



on the substrate. Furthermore, since each of the heads 
is inclined, not the entire supporting means, the distance 
between the nozzle closest to the substrate and the noz- 
zle far from the substrate is shorter than the case in 
which the entire supporting means is inclined, thereby 
shortening the scanning time of the substrate with the 
supporting means. Therefore, the time required for man- 
ufacturing an EL device can be shortened. 
[0055] A method of manufacturing an EL device of the 
present invention comprises the step of moving, in a 
main scanning direction, a head having a nozzle row 
comprising an arrangement of a plurality of nozzles 
while discharging an EL luminescent material from the 
plurality of nozzles to form an EL luminescent layer on 
a substrate, wherein a plurality of the heads are provid- 
ed to be arranged in an inclined state. 
[0056] The apparatus for manufacturing an EL device 
can discharge ink, i.e., an EL luminescent material, from 
the plurality of heads while simultaneously moving the 
plurality of heads by main scanning, shortening the 
scanning time, as compared with scanning of a subject 
surface with a single head. 

[0057] Since scanning is performed with the each of 
the heads in an inclined state, the nozzle pitch of the 
nozzles belonging to each of the heads can be coincided 
with the pixel pitch of the picture element pixels formed 
on the substrate. Furthermore, since each of the heads 
is inclined, not a row of the plurality of heads, the dis- 
tance between the nozzle closest to the substrate and 
the nozzle far from the substrate is shorter than the case 
in which the head row is inclined, thereby shortening the 
scanning time of the substrate with the plurality of nozzle 
rows. Therefore, the time required for producing an EL 
device can be shortened. 

[0058] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which :- 

Fig. 1 is a plan view schematically showing a main 
step of a production method using an apparatus for 
producing a color filter according to an embodiment 
of the present invention. 

Fig. 2 is a perspective view of the ink jet head shown 
in Fig. 1. 

Fig. 3 is a plan view of schematically showing a 
main step of a production method using an appara- 
tus for producing a color filter according to another 
embodiment of the present invention. 
Fig. 4 is a perspective view of the ink jet head shown 
in Fig. 3. 

Fig. 5 is a plan view of schematically showing a 
main step of a production method using an appara- 
tus for producing a color filter according to still an- 
other embodiment of the present invention. 
Fig. 6(a) is a plan view showing a color filter accord- 55 
ing to an embodiment of the present invention, and 
Fig. 6(b) is a plan view showing a mother board 
serving as a base of the color filter according to an 



(First Embodiment) 

[0059] A method and apparatus for producing a color 
filter according to an embodiment of the present inven- 
tion will be described below. Before the production 
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method and apparatus are described, a color fitter pro- 
duced by the production method is described. Fig. 6(a) 
schematically shows the planar structure of a color filter 
according to an embodiment. Fig. 7(d) shows a section- 
al structure taken along line VII-VII in Fig, 6(a). 
[0060] The color filter 1 of this embodiment comprises 
a plurality of filter elements 3 which are formed in a dot 
pattern, which is in this embodiment, a dot matrix, on a 
surface of a rectangular substrate 2 made of glass, plas- 
tic, or the like, and a protecting film 4 laminated on the 
filter elements 3 as shown in Fig. 7(d). Fig. 6(a) is a plan 
view of the color filter 1 with the protecting film 4 being 
removed. Namely, in this embodiment, a color pattern 
formed by ink jet is illustrated by the filter elements 3. 
[0061] The filter elements 3 are formed by filling col- 
orants in a plurality of rectangular regions, which are ar- 
ranged in a dot matrix and are divided by a partition 6 
made of a non-transmissive resin material and formed 
in a lattice pattern. Each of the filter elements 3 is made 
of any one of colorants of R (red), G (green) and B (blue), 
and the filter elements 3 of each color are arranged in 
a predetermined pattern. As the arrangement, for exam- 
ple, the stripe arrangement shown in Fig. 8(a), the mo- 
saic arrangement shown in Fig. 8(b), and the delta ar- 
rangement shown in Fig. 8(c) are known. 
[0062] In the stripe arrangement, all filter elements in 
each column of a matrix are the same color. In the mo- 
saic arrangement, any three filter elements arranged in 
a vertical and horizontal lines are respectively R (red), 
G (green) and B (blue). In the delta arrangement, the 
filter elements are arranged to be staggered so that any 
three adjacent filter elements are respectively the three 
colors of R, G and B. 

[0063] The size of the color filter 1 is, for example, 1 .8 
inches. The size of each of the filter elements 3 is, for 
example, 30 u.m x 1 00 um The distance between the 
respective filter elements 3, i.e., the element pitch, is 75 
p.m, for example. 

[0064] When the color filter 1 of this embodiment is 
used as an optical element for a full-color display, the 
three filter elements 3 of the R, G, and B colors are com- 
bined as a unit to form a pixel, and light is selectively 
transmitted through any one of R, G and B or a combi- 
nation thereof in each pixel to perform a full-color dis- 
play. In this case, the partition 6 made of a non-trans- 
missive resin material functions as a black matrix. 
[0065] The color filter 1 is cut out of a large-area moth- 
er board 12, for example, as shown in Fig. 6(b). Specif- 
ically, a pattern for one color filter is formed on the sur- 
face of each of a plurality of color filter formation areas 
11 set in the mother board 12, cutting grooves are 
formed around the color filter formation areas 11 , and 
then the mother board 12 is cut along the grooves to 
form the respective color filters 1 . 
[0066] The method and apparatus for producing the 
color filter 1 shown in Fig. 6(a) will be described below. 
[0067] Fig. 7 schematically shows in order the steps 
of the method of producing the color filter 1 . First, the 
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partition 6 made of a non-transmissive resin material is 
formed in a lattice pattern on the surface of the mother 
board 12, as viewed from the direction of arrow B. The 
lattice holes 7 of the lattice pattern are areas in which 

5 the filter elements 3 are formed, i.e., the filter element 
areas. Each of the filter element formation areas 7 
formed by the partition 6 has planar dimensions of, for 
example, about 30 p.m x 100 um, as viewed from the 
direction of arrow B. 

10 [0068] The partition 6 has the function to prohibit a 
. flow of ink, i.e., a filter element material, supplied to the 
filter element formation areas 7, and the function as the 
black matrix. The partition 6 is formed by any desired 
patterning method, for example, a photolithography 

15 method, and is further heated by a heater according to 
demand. 

[0069] After the partition 6 is formed, droplets 8 of a 
filter element material are supplied to each of the filter 
element formation areas 7 to fill each of the filter element 

20 areas 7 with a filter element material 13, as shown in 
Fig. 7(b). In Fig. 7(b), reference numeral 13R denotes 
the filter element material having R (red) color, reference 
numeral 13G denotes the filter element material having 
G (green) color, and reference numeral 1 3B denotes the 

25 filter element material having B (blue) color. 

[0070] After a predetermined amount of the filter ele- 
ment material is supplied to each of the filter element 
formation areas 7, the mother board 12 is heated to 
about 70°C by the heater to evaporate the solvent of the 

30 filter element materials. The evaporation decreases the 
volume of the filter element materials 1 3 to planarize the 
surface, as shown in Fig. 7(c). When the volume is ex- 
tremely decreased, droplets of the filter element mate- 
rials are supplied and heated repeatedly until the color 

35 filter has a sufficient thickness. By the above-described 
process, only the solid contents of the filter element ma- 
terials finally remain to form films, thereby forming the 
filter elements 3 of each of the desired colors. 
[0071] After the filter elements 3 are formed as de- 

40 scribed above, heating is carried out at a predetermined 
temperature for a predetermined time in order to com- 
pletely dry the filter elements 3. Then, the protecting film 
4 is formed by using an appropriate method, for exam- 
ple, a spin coating method, a roll coating method, a dip- 

45 ping method, or the like. The protecting film 4 is formed 
for protecting the filter elements 3 and for planarizing 
the surface of the color filter 1 . 

[0072] Fig. 9 shows a component device of an appa- 
ratus for producing a color filter, i.e., an ink jet apparatus 

so for supplying the filter element materials shown in Fig. 
7(b) in accordance with an embodiment. The ink jet ap- 
paratus 1 6 is an apparatus for discharging and adhering 
the filter element material of one of the colors R, G and 
B, for example, R color, as ink droplets to a predeter- 

55 mined position in each of the color filter formation areas 
11 of the mother board 12 (refer to Fig. 6(b)). Although 
an ink jet apparatus is prepared for the filter element 
materials of each of the G and B colors, these ink jet 
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apparatuses for the G and B colors are not described 
below because the structures thereof are the same as 
Fig. 9. 

[0073] In Fig. 9, the ink jet apparatus 16 comprises a 
head unit 26 comprising an ink jet head 22, a head po- 
sition control device 1 7 for controlling the position of the 
ink jet head 22, a board position control device 18 for 
controlling the position of the mother board 12, a main 
scanning driving device 19 for moving the ink jet head 
22 relative to the mother board 12 by main scanning, a 
sub-scanning driving device 21 for moving the ink jet 
head 22 relative to the mother board 1 2 by sub-scan- 
ning, a board feeder 23 for feeding the mother board 1 2 
to a predetermined working position in the ink jet appa- 
ratus 1 6, and a control device 24 for controlling the en- 
tirety of the ink jet apparatus 16. 

[0074] The head position control device 1 7, the board 
position control device 1 8, the main scanning driving de- 
vice 1 9 and the sub-scanning driving device 21 are pro- 
vided on a base 9. These devices are covered with a 
cover 14 according to demand. 

[0075] The ink jet head 22 has a plurality of heads 20, 
in this embodiment, six heads 20, and a carriage 25 
serving as supporting means for supporting the heads 
20 arranged, as shown in Fig. 2. The carriage 25 has 
holes, i.e., recesses, which are slightly larger than the 
heads 20 and which are formed at supporting positions 
of the heads 20, so that the heads 20 are respectively 
placed in the holes, and fixed by screws, an adhesive, 
or another tightening means. When the positions of the 
heads 20 relative to the carriage 25 are precisely deter- 
mined, the heads 20 may be fixed by simply pressing 
them into the holes, without using special tightening 
means. 

[0076] Each of the heads 20 has a nozzle row 28 com- 
prising a plurality of nozzles 27 arranged in a row, for 
example, as shown in Fig. 11 . The number of the noz- 
zles 27 is, for example, 180, and the hole diameter of 
the nozzles 27 is, for example, 28 u,m. The nozzle pitch 
of the nozzles 27 is, for example, 141 u/n. In Figs. 6(a) 
and 6(b), the main scanning direction X of the mother 
board 12, and the sub-scanning direction Y perpendic- 
ular to the main scanning direction X are set as shown 
in Fig. 11. 

[0077] In Fig. 2, each of the heads 20 is mounted on 
the carriage 25 so that the nozzle row 28 of each head 
extends in a direction K0 at an angle 6 with the axis line 
K1 of the carriage 25 in the longitudinal direction. In this 
embodiment, the ink jet head 22 is positioned so that 
the axis line K1 of the carriage 25 extends in a direction 
crossing the main scanning direction X, e.g., in this em- 
bodiment, the perpendicular direction, as shown in Fig. 
1 . Namely, each of the nozzle rows 28 is positioned ob- 
liquely at an angle 0 with the sub-scanning direction Y 
perpendicular to the main scanning direction. 
[0078] The ink jet head 22 is moved in parallel to the 
X direction to perform main scanning of the mother 
board 12. During this main scanning, the filter element 



material as an ink is selectively discharged from the plu- 
rality of nozzles 27 of each of the heads 20 to adhere 
the filter element material at predetermined positions in 
the motherboard 12. The ink jet head 22 can be moved 

5 by a predetermined distance in the sub-scanning direc- 
tion, for example, moved by a length corresponding to 
or larger or shorter than six times the length of the com- 
ponent of each nozzle row 28 in the sub-scanning direc- 
tion Y, to shift the main scanning position of the ink jet 

10 head 22 by the predetermined distance. 

[0079] Each of the heads 20 has an internal structure, 
for example, shown in Figs. 13(a) and 13(b). Specifical- 
ly, the head 20 comprises a stainless steel nozzle plate 
29, a vibrating plate 31 opposed to the nozzle plate 29, 

15 and a plurality of partition members 32 for connecting 
the nozzle plate 29 and the vibrating plate 31 . The par- 
tition members 32 form a plurality of ink chambers 33 
and a liquid reservoir 34 between the nozzle plate 29 
and the vibrating plate 31 . The plurality of the ink cham- 

20 bers 33 communicate with the liquid reservoir 34 
through passages 38. 

[0080] Also, an ink supply hole 36 is formed at a prop- 
er position of the vibrating plate 31 , and an ink supply 
device 37 is connected to the ink supply hole 36. The 

25 ink supply device 37 supplies the filter element material 
M of one of the R, G and B colors, for example, R color, 
to the ink supply hole 36. The supplied filter element ma- 
terial M is stored in the liquid reservoir 34, and is further 
passed through the passages 38 to fill the ink chambers 

30 33. 

[0081 ] The nozzle plate 29 comprises the nozzles 27 
for jetting the filter element material M from the ink 
chambers 33. Furthermore, ink pressing members 39 
are provided on the back of the vibrating plate 31 , which 

35 is opposite to the side forming the ink chambers 33, cor- 
responding to the ink chambers 33. Each of the ink 
pressing members 39 comprises a piezoelectric ele- 
ment 41 , and a pair of electrodes 42a and 42b which 
hold the piezoelectric element 41 therebetween, as 

40 shown in Fig. 1 3(b). The piezoelectric element 41 is de- 
formed to project outward by electricity supplied to the 
electrodes 42a and 42b, as shown by an arrow C, in- 
creasing the volume of the corresponding ink chamber 
33. As a result, an amount of the filter element material 

45 m correspondjng to the increase in volume flows into the 
ink chamber 33 from the liquid reservoir 34 through the 
passage 38. 

[0082] When electrification of the piezoelectric ele- 
ment 41 is stopped, both the piezoelectric element 41 - 

50 and the vibrating plate 31 return to the initial shapes. As 
a result, the ink chamber 33 also returns to the initial 
volume to increase the pressure of the filter element ma- 
terial M in the ink chamber 33, thereby ejecting the filter 
element M as droplets 8 to the mother board 12 (refer 

55 to Fig. 6(b)) from the nozzle 27. In addition, a waste ink 
layer 43 comprising, for example, a Ni-tetrafluoroethyl- 
ene eutectoid plated layer is provided around the nozzle 
27, for preventing a bend of the flying droplets 8, clog- 
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ging of the nozzle 27, etc. 

[0083] In Fig. 10, the head position control device 17 
comprises a a motor 44 for rotating the ink jet head 22 
in a plane, a p motor 46 for oscillating and rotating the 
ink jet head 22 around an axis parallel to the sub-scan- 
ning line Y, ay motor 47 for oscillating and rotating the 
ink jet head 22 around an axis parallel to the main scan- 
ning line X, and a Z motor 48 for moving the ink jet head 
22 in parallel to the vertical direction. 
[0084] In Fig. 1 0, the board position control device 1 8 
shown in Fig. 9 comprises a table 49 on which the moth- 
er board 12 is mounted, and a 6 motor 51 for rotating 
the table 49 in a plane as shown by arrow 6. The main 
scanning driving device 1 9 shown in Fig. 9 comprises a 
guide rail 52 extending in the main scanning direction 
X, and a slider 53 containing a pulse-driven linear motor. 
When the linear motor is operated, the slider 53 is 
moved in parallel to the main scanning direction along 
the guide rail 52. 

[0085] In Fig. 10, the sub-scanning driving device 21 
shown in Fig. 9 comprises a guide rait 54 extending in 
the sub-scanning direction Y, and a slider 56 containing 
a pulse-driven linear motor. When the linear motor is op- 
erated, the slider 56 is moved in parallel to the sub-scan- 
ning direction Y along the guide rail 54. 
[0086] The pulse-driven linear motor contained in 
each of the slider 53 and the slider 56 can precisely con- 
trol the rotational angle of the output shaft by a pulse 
signal supplied to the motor, thereby precisely control- 
ling the position of the ink jet head 22 supported by the 
slider 53 on the main scanning direction X, the position 
of the table 49 on the sub-scanning direction, and the 
like. The position control of the ink jet head 22 and the 
table 49 is not limited to the method using a pulse motor, 
and the position control can also be realized by a feed- 
back control method using a servo motor, or any other 
control method. 

[0087] The board supply device 23 shown in Fig. 9 
comprises a board receiving unit 57 for receiving the 
mother board 12, and a robot 58 for transferring the 
mother board 12. The robot 58 comprises a base 59 in- 
stalled on an installation plane such as a floor, the 
ground, or the like, an elevating shaft 61 which moves 
up and down relative to the base 59, a first arm 62 ro- 
tating around the elevating shaft 61 , a second arm 63 
rotating relative to the first arm 62, a suction pad 64 pro- 
vided at the bottom of the tip of the second arm 63. The 
suction pad 64 can attract the mother board 12 by air 
suction, or the like. 

[0088] In Fig. 9, a capping device 76 and a cleaning 
device 77 are disposed on one side of the sub-scanning 
driving device 21 in the locus of the inkjet head 22 driven 
by the main scanning driving device 19 for main scan- 
ning. Also, an electronic balance 78 is disposed on the 
other side. The cleaning device 77 is a device for clean- 
ing the ink jet head 22. The electronic balance 78 is a 
device for measuring the weight of the ink droplets dis- 
charged from each of the nozzles 27 (refer to Fig. 1 1 ) of 



the inkjet head 22. The capping device 76 is a device 
for preventing the nozzles 27 (refer to Fig. 1 1 ) from being 
dried when the ink jet head 22 is in a standby state. 
[0089] Furthermore, a head camera 81 is disposed 

5 near the ink jet head 22 so as to move together with the 
ink jet head 22. A board camera 82 supported by a sup- 
porting device (not shown in the drawing) provided on 
the base 9 is disposed at position where the mother 
board 12 can be photographed. 

10 [0090] The control device 24 shown in Fig. 9 compris- 
es a computer body 66 containing a processor, a key- 
board 67 serving as an input device, and a CRT (Cath- 
ode Ray Tube) display 68 serving as a display device. 
The processor comprises a CPU (Central Processing 

15 Unit) 69 for arithmetic processing, and a memory, i.e., 
an information storage medium 71 , for storing various 
items of information. 

[0091 ] The head position control device 1 7, the board 
position control device 1 8, the main scanning driving de- 

20 vice 1 9, the sub-scanning driving device 21 , and a head 
driving circuit 72 for driving the piezoelectric elements 
41 (refer to Fig. 13(b)) in the ink jet head 22 are con- 
nected to the CPU 69 through an input/output interface 
73 and a bus 74, as shown in Fig. 14. The board supply 

25 device 23, the input device 67, the display 68, the elec- 
tronic balance 78, the cleaning device 77 and the cap- 
ping device 76 are also connected to the CPU 69 
through the input/output interface 73 and the bus 74. 
[0092] The memory 71 is a concept including semi- 

30 conductor memory such as RAM (Random Access 
Memory), ROM (Read Only Memory), and the like, ex- 
ternal storage devices such as a hard disk, a CD-ROM 
reader, a disk-type storage medium, and the like. Func- 
tionally, there are set a storage area for storing a pro- 

35 gram software in which the control procedure for oper- 
ation of the inkjet apparatus 1 6 is written , a storage area 
for storing, as coordinate data, the discharge positions 
of one (for example, R color) of R, G and B in the mother 
board 12 in order to realize the various RGB arrange- 

40 ments shown in Fig. 8, a storage area for storing an 
amount of sub-scanning of the mother board 12 in the 
sub-scanning direction Y shown in Fig. 10, areas func- 
tioning as a work area and a temporary file for the CPU 
69, and other various areas. 

45 [0093] The CPU 69 controls the discharge of ink, i.e., 
the filter element material, at predetermined positions 
on the surface of the mother board 12 according to the 
program software stored in the memory 71 , and the spe- 
cific function realizing units include a cleaning operation 

50 unit for executing an arithmetic operation for realizing a 
cleaning process, a capping operation unit for realizing 
a capping process, a weight measurement operation 
unit for executing an arithmetic operation for realizing 
weight measurement using the electronic balance 78 

55 (refer to Fig. 9), and a drawing operation unit for execut- 
ing an arithmetic operation for drawing a pattern of the 
filter element material by inkjet. 
[0094] More specifically, the drawing operation unit is 
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divided into various functional operation units such as a 
drawing start position operation unit for setting the ink 
jet head 22 at the initial position for drawing, the main 
scanning control operation unit for executing an arith- 
metic operation of control for moving the ink jet head 22 
in the main scanning direction X at a predetermined 
speed, a sub-scanning control operation unit for execut- 
ing an arithmetic operation of control for shifting the 
mother board 12 in the sub-scanning direction Y by a 
predetermined amount of sub-scanning, a nozzle dis- 
charge control operation unit for executing an arithmetic 
operation of control for determining which nozzle of the 
plurality of nozzles 27 of the ink jet head 22 is operated 
to discharge ink, i.e., the filter element material, etc. 
[0095] In this embodiment, each of the above-de- 
scried functions is realized by using the CPU 69 based 
on the software. However, when each of the functions 
can be realized by a single electronic circuit without us- 
ing the CPU, such an electronic circuit can be used. 
[0096] The operation of the ink jet apparatus 1 6 hav- 
ing the above-described configuration will be described 
below based on the flowchart shown in Fig. 15. 
[0097] When an operator turns on a power supply to 
start the ink jet apparatus 1 6, initial setting is first exe- 
cuted in Step S1. Specifically, the head unit 26, the 
board supply device 23, the control device 24, etc. are 
set in the predetermined initial state. 
[0098] Next, when a weight measu rement time comes 
("YES" in Step S2), the head unit 26 is moved to the 
electronic balance 78 shown in Fig. 9 by the main scan- 
ning driving device 1 9 (Step S3) to measure the weight 
of the ink discharged from each of the nozzles 27 by 
using the electronic balance 78 (Step S4). Therefore, 
the voltage applied to the piezoelectric element 41 cor- 
responding to each of the nozzles 27 is controlled ac- 
cording to the ink discharge properties of the nozzles 27 
(Step S5). 

[0099] Next, when a cleaning time comes ("YES" in 
Step S6), the head unit 26 is moved to the cleaning de- 
vice 77 by the main scanning driving device 19 (Step 
S7) to clean the ink jet head 22 by the cleaning device 
77 (Step S8). 

[0100] When the weight measurement time and the 
cleaning time do not come ("NO" in Steps S2 and S6), 
or when these processes are finished, the board supply 
device 23 shown in Fig. 9 is operated to supply the moth- 
er board 12 to the table 49 in Step S9. Specifically, the 
mother board 1 2 received in the board receiving unit 57 
is suctionally heid by the suction pad 64, and then the 
elevating shaft 61 , the first arm 62 and the second ami 
63 are moved to transfer the mother board 1 2 to the ta- 
ble 49. Furthermore, the mother board 12 is pressed on 
positioning pins (refer to Fig. 10) provided in advance at 
proper positions of the table 49. In order to prevent a 
positional deviation of the mother board 1 2 on the table 
49, the mother board 1 2 is preferably fixed to the table 
49 by air suction means or the like. 
[01 01 ] Next, the output shaft of the 9 motor 51 shown 



in Fig. 1 0 is rotated by a small angular unit to rotate the 
table 49 by a small angular unit in a plane and position 
the mother board 12 while observing the mother board 
12 with the board camera 82 shown in Fig. 9 (Step S10). 
5 Next, the start position of drawing by the ink jet head 22 
is determined by an arithmetic operation while observ- 
ing the mother board 12 by the head camera 81 shown 
in Fig. 9 (Step S11), and then the main scanning driving 
device 19 and the sub-scanning driving device 21 are 
10 appropriately operated to move the ink jet head 22 to 
the drawing start position (Step S12). 
[01 02] At the same time, the ink jet head 22 is set so 
that the axis line K1 of the carriage 25 is perpendicular 
to the main scanning direction X, as shown in Fig. 1 . 
Therefore, the nozzle rows 28 are arranged obliquely at 
an angle 9 with the sub-scanning direction Y of the ink 
jet head 22. This is a method for geometrically coincid- 
ing the dimensional component of the nozzle pitch in the 
sub-scanning direction Y with the element pitch when 
the inkjet head 22 is moved in the main scanning direc- 
tion X. This is because in a general ink jet apparatus, 
the nozzle pitch corresponding to the distance between 
the adjacent nozzles 27 is frequently different from the 
element pitch corresponding to the distance between 
the adjacent filter elements 3, i.e., the adjacent filter el- 
ement formation areas 7. 

[0103] When the ink jet head 22 is set at the drawing 
start position in Step S1 2 shown in Fig. 15, main scan- 
ning is started in the main scanning direction X in Step 
S13, and at the same time, discharge of ink is started. 
More specifically, the main scanning driving device 1 9 
shown in Fig. 1 0 is operated to linearly move the ink jet 
head 22 in the main scanning direction X shown in Fig. 
1 at a constant speed. When the nozzle 27 reaches the 
corresponding filter element formation area 7 to which 
ink should be supplied during movement, the ink, i.e., 
the filter element material, is discharged from the nozzle 
27 to fill the area 7, forming the filter element 3. 
[0104] When one time of main scanning is completed 
for the mother board 12 ("YES" in Step S14), the inkjet 
head 22 returns to the initial position by reverse move- 
ment (Step S15). Furthermore, the ink jet head 22 is 
driven to be moved by the sub-scanning driving device 
21 by the predetermined amount of sub-scanning in the 
sub-scanning direction Y, for example, an amount cor- 
responding to the component of the total length of the 
six nozzle rows 28 in the sub-scanning direction Y (Step 
S16). Then main-scanning and ink discharge are re- 
peated to fill the filter element formation areas 7 with the 
filter element material, forming the filter elements 3 
(Step S13). 

[0105] When the operation of drawing the pattern of 
the filter elements 3 with the ink jet head 22 is completed 
for the entire area of the mother board 12, as described 
above ("YES" in Step S17), the mother board 12 after 
processing is exhausted to the outside by the board sup- 
ply device 23 or another transfer device in Step S1 8. 
[0106] Then, the process returns to Step S2 in which 
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the operation of discharging ink of any one of colors R, 
G and B is repeated for another mother board 1 2 unless 
the end of processing is directed by the operator ("NO" 
in Step S1). 

[0107] When the operation end is directed by the op- 5 
erator ("YES" in Step S1 9), the CPU 69 transfers the ink 
jet head 22 shown in Fig. 9 to the capping device 76 
which executes capping of the ink jet head 22 (Step 
S20). 

[01 08] After patterning of one of the three colors of R, io 
G and B ( for example, R color, which constitute the color 
filter, is completed, the mother board 12 is transferred 
to the ink jet apparatus 1 6 using the second color of the 
R, G and B colors, for example, G color, as a filter ele- 
ment material, to perform patterning of the G color, and *5 
finally transferred to the ink jet apparatus 1 6 using the 
third color of the R, G and B colors, for example, B color, 
as a filter element material, to perform patterning of the 
B color. As a result, the mother board 12 is produced, 
in which a plurality of the color filters 1 (Fig. 6(a)) having 20 
the desired RGB dot arrangement such as the stripe ar- 
rangement, or the like are formed. The mother board 1 2 
is cut for each color filter area 11 to produce a plurality 
of color filters 1 . 

[0109] In order to use the color filter 1 for a color dis- 25 
play of a liquid crystal device, an electrode, an alignment 
film, etc. are further laminated on the surface of the color 
filter 1. In this case, when the mother board 12 is cut 
into the respective color filters 1 before the electrode, 
the alignment film, etc. are laminated, the subsequent 30 
steps of forming the electrode, etc. become very trou- 
blesome. Therefore, in this case, the mother board 12 
is preferably cut after the necessary addition steps of 
forming the electrode, the alignment film, etc. are com- 
pleted, not immediately after the color filters 1 are com- 35 
pleted on the mother board 12. 

[0110] As described above, in the method and appa- 
ratus for producing a color filter of this embodiment, dur- 
ing main scanning of the substrate 12 with the carriage 
25 as supporting means for supporting the plurality of 40 
heads 20 as shown in Fig. 1 , ink is discharged from the 
nozzle rows 28 of the plurality of heads 20. Therefore, 
the scanning time can be shortened, as compared with 
scanning of the surface of the substrate 12 with a single 
head, thereby shortening the time required for produc- 45 
ing a color filter. 

[0111] Also, since main scanning is performed with 
the heads 20 each of which is inclined at an angle 9 with 
the sub-scanning direction Y, the nozzle pitch of the plu- 
rality of nozzles 27 belonging to each of the heads 20 so 
can be coincided with the distance between the filter el- 
ement formation areas 7, i.e., the element pitch, on the 
substrate 1 2. When the nozzle pitch is geometrically co- 
incided with the element pitch, it is advantageous in that 
the positions of the nozzle rows 28 need not be control- 55 
led in the sub-scanning direction Y. 
[0112] In this embodiment, the heads 20 are fixed to 
the carriage 25, and thus one inclination angle 9 is set 



for one carriage 25. Therefore, in case that the element 
pitch of the substrate 12 varies, another carriage 25 
must be used for realizing the inclination angle 9 corre- 
sponding to the element pitch. 

[0113] In this embodiment, since the each of the 
heads 20 is inclined, not the entire carriage 25, the dis- 
tance T between the nozzle 27 closest to the substrate 
1 2 and the nozzle 27 far from the substrate 1 2 is shorter 
than the case in which the entire carriage 25 is inclined, 
thereby remarkably shortening the scanning time of the 
substrate 1 2 with the ink jet head 22. Therefore, the time 
required for producing a color filter can be shortened. 
[0114] In the production apparatus and method of this 
embodiment, the filter elements 3 are formed by dis- 
charging ink from the ink jet head 22, and thus has no 
need to pass through such a complicated step as a 
method using a photolithography process, and causes 
no waste of materials. 

[0115] Although the first embodiment uses the non- 
transmissive resin material as the partition 6, a light 
transmitting resin material can also be used as the par- 
tition 6. in this case, a light shielding metal film or resin 
material maybe provided at the positions corresponding 
to the spaces between the respective filter elements, for 
example, above or below the partition 6, to form a black 
mask. Alternatively, the partition 6 made of a transmis- 
sive resin material may be formed without the black 
mask being provided. 

[0116] Although the first embodiment uses the filter 
elements of R, G and B, of course, the filter elements 
are not limited to R, G and B, and for example, C (cyan), 
M (magenta), and Y (yellow) may be used. In this case, 
filter element materials having C, M and Y colors may 
be used in place of the filter element materials of R, G 
and B. 

(Second Embodiment) 

[0117] Fig. 3 schematically shows a case in which ink, 
i.e., a filter element material, is discharged into each of 
the filter element formation areas 7 in the color filter for- 
mation areas 11 of the mother board 12 from the inkjet 
head 22 by a method and apparatus for producing a 
color filter according to another embodiment of the 
present invention. 

[0118] The outlines of the steps performed in this em- 
bodiment are the same as those shown in Fig. 7, and 
the inkjet apparatus used for discharging ink is also me- 
chanically the same as the apparatus shown in Fig. 9. 
[0119] This embodiment is different from the embod- 
iment shown in Fig. 1 in that the structure for supporting 
the heads 20 by the carriage 25 is changed. Specifically, 
as shown in Fig. 4, each of the heads 20 is supported 
by the carriage 25 so as to be rotatable around the axis 
line K2 of the head 20, i.e., rotatable in a plane, as shown 
by an arrow N. Each of the heads 20 is also supported 
by the carriage 25 so as to be slidable, i.e., movable 
parallel in a plane, as shown by arrow P. Furthermore, 
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the carriage 25 is provided with a nozzle row angle con- 
trol device 83 and a nozzle row spacing control device 
84. 

[0120] The nozzle row angle control device 83 indi- 
vidually or collectively controls the in-plane inclination 5 
angles 0 of the plurality of nozzle rows 28. The nozzle 
row angle control device 83 can be formed by any de- 
sired structure, for example, a structure in which the 
heads 20 mounted on the casing 25 so as to be rotatable 
in a plane as shown by arrow N are connected to a pow- 10 
er source such as a pulse motor, a servo motor, or the 
like, which can control the rotational angle, directly or 
indirectly through a power transmission mechanism, 
etc. In this structure, the inclination angle 6 of each of 
the nozzle rows 28 can be controlled to a desired value 1$ 
by controlling the output angle value of the power 
source, and the inclination angle 6 of each nozzle row 
28 can be kept at the desired value by holding the output 
shaft of the power source in a lock state after the angle 
is controlled. 20 
[01 21 ] The nozzle row spacing control device 84 indi- 
vidually or collectively controls the spacing between the 
plurality of nozzle rows 28. The nozzle row spacing con- 
trol device 84 can be formed by any desired structure, 
for example, a structure in which the heads 20 mounted 25 
on the casing 25 so as to be slidable as shown by arrow 
P are connected to a slide driving device comprising as 
a power source a rotating device such as a pulse motor, 
a servo motor, orthe like, which can control the rotation- 
al angle, or a slide driving device comprising a linear 30 
driving power source such as a linear motor or the like. 
[0122] In this embodiment, the nozzle row angle con- 
trol device 83 shown in Fig. 4 can be operated to rotate 
the heads 20 in a plane as shown by arrow N in Fig. 3 
to control the in-plane inclination angle 0 of each of the as 
heads 20 so that the nozzle pitch of the nozzle rows 28 
coincides with the element pitch of the filter element for- 
mation areas 7 on the substrate 12. Furthermore, the 
nozzle row spacing control device 84 can be operated 
to control the spacing between the heads shown in Fig. 40 
3 so that the nozzle distance between the ends of the 
adjacent nozzle rows 28 coincides with the element 
pitch on the substrate 12. 

[0123] Therefore, a continuous long nozzle row com- 
prising six nozzle rows 28 and having a nozzle pitch co- *5 
inciding with the element pitch can be formed. In this 
embodiment, the nozzle pitch of one ink jet head 22 is 
appropriately controlled to draw a pattern having differ- 
ent element pitches on-the substrate. 

50 

(Third Embodiment) 

[01 24] Fig. 5 schematically shows a case in which ink, 
i.e., a filter element material, is discharged to each of 
the filter element formation areas 7 in the color filter for- 
mation areas 11 of the mother board 12 from the ink jet 
head 22 by a method and apparatus for producing a 
color filter according to still another embodiment of the 



present invention. 

[01 25] The outlines of the steps performed in this em- 
bodiment are the same as these shown in Fig. 7, and 
the ink jet apparatus used for discharging ink is also me- 
chanically the same as the apparatus shown in Fig. 9. 
[0126] This embodiment is different from the embod- 
iments shown in Figs. 1 and 3 in that the inclination an- 
gles 6 of the nozzle rows 28 are the same in magnitude, 
but alternately change in direction between the plus and 
minus directions. This method can also form a continu- 
ous long nozzle row comprising six nozzle rows 28 and 
having a nozzle pitch coinciding with the element pitch 
on the substrate 12. 

[01 27] This embodiment can be formed in a structure 
in which the nozzle rows 28 is fixed, as shown in Fig. 1 , 
or a structure in which the inclination angles 0 and noz- 
zle row spacing between the nozzle rows can be con- 
trolled, as shown in Fig. 3. 

(Fourth Embodiment) 

[01 28] Fig. 1 2 shows a modified example of the head 
20 used in the present invention. The head 20 shown in 
Fig. 12 is different from the head 20 shown in Fig. 11 in 
that two nozzle rows 28 are provided in the main scan- 
ning direction X. This can supply the filter element ma- 
terial to one filter element formation area 7 from two noz- 
zles 27 formed on the same main scanning line. 
[0129] In this embodiment, the axis line K0 of the ink 
jet head 22 is inclined at an in -plane inclination angle 0 
relative to the sub-scanning direction Y. Therefore, the 
nozzles 27 in the two nozzle rows 28 are preferably ar- 
ranged to be shifted to the main scanning direction X, if 
seen from carriage 25, not arranged perpendicularly to 
the axis line K0. 

(Fifth Embodiment) 

[0130] Fig. 16 shows a further modified example of 
the head 20 used in the present invention. The head 20 
shown in Fig. 16 is different from the head 20 shown in 
Fig. 11 in that three nozzle rows including a nozzle row 
28R for discharging R color ink, a nozzle row 28G for 
discharging G color ink and a nozzle row 28B for dis- 
charging B color ink are formed in the head 20, and the 
ink discharge system shown in Figs. 13(a) and 13(b) is 
provided for each of the three nozzle rows. Furthermore, 
a R ink supply device 37R is connected to the ink dis- 
charge system corresponding to the R color nozzle row 
28R; a G ink supply device 37G is connected to the ink 
discharge system corresponding to the G color nozzle 
row 28G; and a B ink supply device 37B is connected 
to the ink discharge system corresponding to the B color 
nozzle row 28B. 

[01 31 ] The outlines of the steps performed in this em- 
bodiment are the same as those shown in Fig. 7, and 
the ink jet apparatus used for discharging ink is also me- 
chanically the same as the apparatus shown in Fig. 9. 
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[0132] In the embodiment shown in Fig. 1 1 , one noz- 
zle row 28 is provided on the head 20, and thus the ink 
jet heads 22 shown in Fig. 2 must be prepared for each 
of the three colors R, G and B for forming the color filter 
having three colors R, G and B. On the other hand, in 
use of the head 20 having the structure shown in Fig. 
16, the three colors R, G and B can be simultaneously 
adhered by one main scanning with the ink jet head 22 
comprising a plurality of heads 20 in the X direction, and 
thus only one ink jet head 22 may be prepared. 

(Sixth Embodiment) 

[0133] Fig. 17 shows a manufacturing method using 
an apparatus for manufacturing a liquid crystal device 
according to a further embodiment of the present inven- 
tion. Fig. 18 shows a liquid crystal device manufactured 
by the manufacturing method according to a further em- 
bodiment of the present invention. Fig. 1 9 shows a sec- 
tional structure of the liquid crystal device taken along 
line X-X in Fig. 1 8. Before the method and apparatus for 
manufacturing a liquid crystal device are described, a 
liquid crystal device manufactured by the manufacturing 
method is described with reference to an example. The 
liquid crystal device of the embodiment is a transflective 
liquid crystal device which performs a full-color display 
in a single matrix system. 

[0134] In Fig. 1 8, a liquid crystal device 1 01 comprises 
a liquid crystal panel 1 02, liquid crystal driving ICs 1 03a 
and 1 03b mounted on the liquid crystal panel 1 02, a FPC 
(Flexible Printed Circuit) 1 04 connected as a wiring con- 
nection component to the liquid crystal panel 102, and 
an illumination device 1 06 provided as a back light on 
the back side of the liquid crystal panel 102. 
[0135] The liquid crystal panel 1 02 is formed by bond- 
ing together a first substrate 107a and a second sub- 
strate 1 07b with a sealing material 1 08. The sealing ma- 
terial 108 is formed by circularly adhering an epoxy resin 
to the inner surface of the first substrate 1 07a or the sec- 
ond substrate 1 07b by, for example, screen printing or 
the like. The sealing material 108 contains a spherical 
or cylindrical conductor 1 09 dispersed therein and made 
of a conductive material, as shown in Fig. 1 9. 
[0136] In Fig. 19, the first substrate 107a comprises 
a plate-like substrate 111a made of transparent glass, 
transparent plastic, or the like. Also, a reflecting film 112 
Is formed on the inner surface (the upper surface shown 
in Fig. 19) of the substrate 111a, an insulating film 113 
is laminated on the reflecting film 112, first electrodes 
1 1 4a are formed in stripes (refer to Fig. 1 8) on the insu- 
lating film 113 as viewed from the direction of arrow D, 
and an alignment film 116a is formed on the first elec- 
trodes 114a. Furthermore, a polarizer plate 117a is 
mounted on the outer surface (the lower surface shown 
in Fig. 19) of the substrate 111a by bonding or the like. 
[0137] Although, in Fig. 18, in order to make the ar- 
rangement of the first electrodes 114a easy to under- 
stand, the stripes of the first electrodes 114a are shown 



with larger spaces than the actual spaces, andin a small- 
er number than the actual number, more first electrodes 
114a are actually formed on the substrate 111a. 
[01 38] In Fig. 1 9, the second substrate 1 07b compris- 

5 es a plate-like substrate 111b made of transparent 
glass, transparent plastic, or the like. Also, a color filter 
118 is formed on the inner surface (the lower surface 
shown in Fig. 19) of the substrate 111b, second elec- 
trodes 114b are formed in stripes (refer to Fig. 18) per- 

10 pendicularfy to the first electrodes 1 1 4a as viewed from 
the direction of arrow D, and an alignment film 116b is 
formed on the second electrodes 114b. Furthermore, a 
polarizer plate 1 1 7b is mounted on the outer surface (the 
upper surface shown in Fig. 19) of the substrate 111b 

15 by bonding or the like. 

[0139] Although, in Fig. 18, like the first electrodes 
114a, in order to make the arrangement of the second 
electrodes 114b easy to understand, the stripes of the 
second electrodes 114b are shown with larger spaces 

20 than the actual spaces, and in a smaller number than 
the actual number, more second electrodes 1 14b are ac- 
tually formed on the substrate 111a. 
[0140] In Fig. 19, a liquid crystal, for example, a STN 
(Super Twisted Nematic) liquid crystal L, is sealed in the 

25 gap, i.e., the cell gap, surrounded by the first substrate 
1 07a, the second substrate 1 07b and the sealing mate- 
rial 108. Many spherical small spacers 119 are dis- 
persed on the inner surface of the first substrate 107a 
or the second substrate 107b so that the thickness of 

30 the cell gap is maintained by the spacers 1 1 9 present in 
the cell gap. 

[01 41 ] The first electrodes 1 1 4a and the second elec- 
trode 114b are arranged perpendicularly to each other, 
and the intersections are arranged in a dot matrix, as 

35 viewed from the direction of arrow D in Fig. 1 9. Each of 
the intersections of the dot matrix forms one picture el- 
ement pixel. The color filter 118 comprises components 
of the colors R (red), G (green) and B (blue), which are 
arranged in a predetermined pattern, for example, a 

40 stripe pattern, a delta pattern, or a mosaic pattern, as 
viewed from the direction of arrow D. Each of the picture 
element pixels corresponds to each of the colors R, G 
and B, and a unit of the picture element pixels of the 
three colors R, G and B forms a pixel. 

45 [0142] The plurality of the picture element pixels, i.e., 
pixels, which are arranged in a dot matrix, are selectively 
illuminated to display an image of a character, a numeric 
character, or the like on the outside of the second sub- 
strate 107b of the liquid crystal panel 102. The area in 

50 which such an image is displayed is an effective pixel 
area which is shown in a planar rectangular area by an 
arrow V in Figs. 18 and 19. 

[0143] In Fig. 1 9, the reflecting film 112 is made of a 
light reflecting material such as an APC alloy, Al (alumi- 
55 num), or the like, and an aperture 121 is formed at the 
position corresponding to each of the picture element 
pixels at the intersections of the first electrode 1 1 4a and 
the second electrodes 114b. Consequently, the aper- 
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tures 121 are arranged in the same dot matrix as the 
picture element pixels, as viewed from the direction of 
arrow D in Fig. 19. 

[01 44] The first electrodes 1 1 4a and the second elec- 
trodes 114b are made of, for example, a transparent 5 
conductive material ITO. Each of the alignment films 
116a and 116b is formed by adhering a polyimide resin 
in a film form having a uniform thickness. The alignment 
films 116a and 116b are rubbed to determine the initial 
orientation of the liquid crystal molecules on the surfac- 10 
es of the first substrate 1 07a and the second substrate 
107b. 

[0145] In Fig. 1 8, the first substrate 1 07a is formed in 
a wider area than the second substrate 1 07b, and when 
both substrates are bonded together with the sealing 15 
material 1 08, the first substrate 1 07a has a substrate 
overhang 107c overhanging outward from the second 
substrate 1 07b. In addition, various types of wiring such 
as lead wiring 114c extending from the first electrodes 
114a, lead wiring 114d connected to the second elec- 20 
trades 114b on the second substrate 107b through the 
conductors 109 (refer to Fig. 19) present in the sealing 
material 108, metal wiring 114e connected to an input 
bump, i.e., an input terminal, of the liquid crystal driving 
IC 103a, metal wiring 114f connected to an input bump, 25 
i.e., an input terminal, of the liquid crystal driving IC 
103b, etc. are formed in an appropriate pattern on the 
substrate overhang 1 07c. 

[0146] In this embodiment, the lead wiring 114c ex- 
tending from the first electrodes 11 4a and the lead wiring 30 
114d connected to the second electrodes 114b are 
made of the same material ITO as the electrodes, i.e., 
a conductive oxide. The metal wirings 114e and 114f 
serving as input wirings of the liquid crystal driving ICs 
103a and 103b are made of a metal material having a 35 
low electric resistance value, for example, an APC alloy. 
The APC alloy mainly contains Ag, and Pd and Cu as 
additive components, and is composed of 98% of Ag, 
1%of Pd, and 1%of Cu. 

[0147] The liquid crystal driving ICs 103a and 103b *o 
are mounted on the surface of the substrate overhang 
107c by bonding with an ACF (Anisotropic Conductive 
Film) 1 22. Namely, in this embodiment, the liquid crystal 
panel is a so-called COG (Chip On Glass) type liquid 
crystal panel having a structure in which a semiconduc- 45 
tor chip is mounted directly on a substrate. In the COG 
type mounting structure, the input-side bumps of the liq- 
uid crystal driving ICs 1 03a and 1 03b are conductively 
connected to the metal wirings 114e and 114f, and the 
output-side bumps of the liquid crystal driving ICs 1 03a so 
and 1 03b are conductively connected to the lead wirings 
114c and 114d. 

[0148] In Fig. 18, the FPC 104 comprises a flexible 
resin film 123, a circuit 126 including chip parts 124, and 
metal wiring terminal 127. The circuit 126 is mounted 55 
directly on the surface of the resin film 123 by soldering 
or another conductive connection means. The metal wir- 
ing terminals 127 are made of an APC alloy, Cr, Cu, or 
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anotherconductive material. The portion of the FPC 1 04 
in which the metal wiring terminals 127 are formed is 
connected, with the ACF 122, to the portion of the first 
substrate 1 07a in which the metal wirings 1 1 4e and 1 1 4f 
are formed. The metal wirings 1 1 4e and 1 1 4f on the sub- 
strate side are connected to the metal wiring terminals 
127 on the FPC side by the function of the conductive 
particles contained in the ACF 122. 
[0149] Furthermore, an external connection terminal 
1 31 is formed at the side of the FPC 1 04 opposite to the 
liquid panel side so that the external connection terminal 
131 is connected to an external circuit not shown in the 
drawing. Therefore, the liquid crystal driving ICs 103a 
and 103b are driven based on the signal transmitted 
from the external circuit to supply a scanning signal to 
either of the first and second electrodes 1 1 4a and 1 1 4b, 
a data signal being supplied to the other electrodes. As 
a result, the voltage of each of the picture element pixels 
arranged in the dot matrix in the effective display area 
V is controlled for each pixel, and thus the orientation of 
the liquid crystal L is controlled for each picture element 
pixel. 

[0150] In Fig. 18, the illumination device 106 function- 
ing as the so-called back light comprises a photocon- 
ductor 132 composed of an acrylic resin, a diffusion 
sheet 133 provided on the light emission plane 132b of 
the photoconductor 1 32, a reflecting sheet 1 34 provided 
on the plane of the photoconductor 132 opposite to the 
light emission plane 1 32b, and a LED (Light Emitting Di- 
ode) 136 serving as a light emission source, as shown 
in Fig. 19. 

[01 51 ] The LED 1 36 is supported by an LED substrate 
137 which is mounted on a supporting member (not 
shown in the drawing), for example, which is formed in- 
tegrally with the photoconductor 132. By mounting the 
LED substrate 137 at the predetermined position of the 
supporting member, the LED 136 is located at the posi- 
tion opposite to the light incidence plane 1 32a of the 
photoconductor 132, which is a side surface thereof. 
Reference numeral 138 denotes a buffer for buffering 
an impact applied to the liquid crystal panel 102. 
[01 52] When the LED 1 36 emits light, the light is inci- 
dent on the light incidence plane 132a, introduced into 
the photoconductor 132, and transmitted therethrough 
while being reflected by the reflecting sheet 1 34 and the 
wall surfaces of the photoconductor 132. During trans- 
mittance, the light is emitted as planar light to the outside 
from the light emission plane 1 32b through the diffusion 
sheet 1 33. 

[0153] In the liquid crystal device 1 01 of this embodi- 
ment having the above-described construction, there- 
fore, with sufficiently bright external light such as sun- 
light, room light, or the like, the external light is intro- 
duced into the liquid crystal panel 1 02 from the second 
substrate 107b, transmitted through the liquid crystal L, 
and then reflected by the reflecting film 112 to be again 
supplied to the liquid crystal L. The orientation of the 
liquid crystal L is controlled for each of the picture ele- 
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ment pixels of R, G and B by the electrodes 114a and 
1 1 4b holding the liquid crystal L therebetween, and thus 
the light supplied to the liquid crystal L is modulated for 
each picture element pixel. By modulation, light trans- 
mitted through the polarizer plate 117b and light not 
transmitted through the polarizer plate 1 1 7b form an im- 
age such as a character, a numeric character, or the like 
on the outside of the liquid crystal panel 1 02. As a result, 
a reflective display is performed. 

[01 54] On the other hand, with an insufficient quantity 
of external light, light emitted from the LED 136 is emit- 
ted as planar light from the light emission plane 132b of 
the photoconductor 132, and the light is supplied to the 
liquid crystal L through the apertures 121 formed in the 
reflecting film 112. Like in the reflective display, in this 
case, the supplied light is modulated for each picture 
element pixel by the liquid crystal L with the controlled 
orientation, thereby displaying an image on the outside. 
As a result, a transmissive display is performed. 
[0155] The liquid crystal device 1 01 having the above 
construction is manufactured by, for example, the man- 
ufacturing method shown in Fig. 1 7. In this manufactur- 
ing method, a series of steps from step P1 to step P6 
are steps of forming the first substrate 1 07a, and a se- 
ries of steps from step P1 1 to step P1 4 are steps of form- 
ing the second substrate 1 07b. The first substrate form- 
ing process and the second substrate forming process 
are separately carried out. 

[0156] First, the first substrate forming process is de- 
scribed. The reflecting film 112 for a plurality of liquid 
crystal panels 102 is formed on the surface of a large- 
area mother raw material base made of light transmitting 
glass, light transmitting plastic, or the like by the photo- 
lithography method, and the insulatingfilm 113 is formed 
on the reflecting film 112 by a known deposition method 
(StepPI). Next, the first electrodes 11 4a and the wirings 
114c, 114d, 114e and 114f are formed by the photoli- 
thography process (Step P2). 

[0157] Next, the alignment film 116a is formed on the 
first electrodes 114a by coating, printing, or the like 
(Step P3), and then the alignment film 116a is rubbed 
to determine the initial orientation of the liquid crystal 
(Step P4). Next, the sealing material 108 is circularly 
formed by, for example, screen printing or the like (Step 
P5), and then the spherical spacers 119 are dispersed 
on the sealing material 108 (Step P6). As a result, a 
large-area mother first substrate is formed, in which a 
plurality of panel patterns are formed on the first sub- 
strates 1 07a of the liquid crystal panels 1 02. 
[0158] The second substrate forming process (Step 
P11 to Step P1 4 shown in Fig. 17) is carried separately 
from the first substrate forming process. First, a large- 
area mother raw material base made of light transmitting 
glass, light transmitting plastic, or the like is prepared, 
and the color filter 11 8 for a plurality of the liquid crystal 
panels 102 is formed on the surface of the mother raw 
material base (Step P11). The color filter is formed by 
the production method shown in Fig. 7, in which the filter 



elements of each of the R, G and B colors are formed 
by using the ink jet apparatus 1 6 shown in Fig. 9 accord- 
ing to any one of the methods of controlling an ink jet 
head shown in Figs. 1 , 2, 3, 4, and 5. The method of 
s producing a color filter, and the method of controlling an 
ink jet head are the same as described above, and de- 
scription thereof is thus omitted. 
[0159] As shown in Fig. 7(d), the color filter 1, i.e., the 
color filter 118 is formed on the mother board 12, i.e., 
10 the mother raw material base. Then, the second elec- 
trodes 1 1 4b are formed by the photolithography process 
(Step P12), and the alignment film 116b is formed by 
coating, printing, orthe like (Step P13). Then, the align- 
ment film 116b is rubbed to determine the initial orien- 
ts tation of the liquid crystal (Step P14). As a result, a large- 
area mother second substrate is formed, in which a plu- 
rality of panel patterns are formed on the second sub- 
strates 107b of the liquid crystal panels 102. 
[0160] After the large-area mother first and second 
substrates are formed as described above, both mother 
boards are aligned with each other with the sealing ma- 
terial 108 provided therebetween, and then bonded to- 
gether (Step P21 ). As a result, an empty panel structure 
containing a panel portion for a plurality of liquid crystal 
panels is formed with no liquid crystal sealed therein. 
[0161] Next, scribe grooves, i.e., cutting grooves, are 
formed at predetermined positions of the completed 
empty panel structure, and then the panel structure is 
broken, i.e., cut, based on the scribe grooves (Step 
P22). Consequently, a strip-like empty panel structure 
is formed, in which a liquid crystal inlet opening 110 (re- 
fer to Fig. 18) of the sealing material 108 of each of the 
liquid crystal panels is exposed to the outside. 
[0162] Then, the liquid crystal L is injected into the liq- 
uid crystal panel through the exposed liquid crystal inlet 
opening 110, and then the liquid crystal inlet opening 
110 is sealed with a resin or the like (Step P23). The 
liquid crystal is generally injected by, for example, a 
method in which a storage reservoir in which the liquid 
crystal is stored, and the strip-like empty panel are 
placed in a chamber, the strip-like empty panel is dipped 
in the liquid crystal In the chamber after the chamber is 
put into a vacuum state, and then the chamber is opened 
to the atmospheric pressure. At this time, the inside of 
the empty panel is in a vacuum state, and thus the liquid 
crystal pressurized by the atmospheric pressure is in- 
troduced into the panel through the liquid crystal inlet 
opening. Since the liquid crystal adheres to the surfaces 
of the liquid crystal panel structure after being injected 
in the panel structure, the strip-like panel is cleaned in 
Step P24 after the liquid crystal is injected. 
[0163] Then, after injection of the liquid crystal and 
cleaning, scribe grooves are again formed at predeter- 
mined positions of the strip-like mother panel, and then 
the strip-like panel is cut based on the scribe grooves to 
be cut into a plurality of liquid crystal panels 102 (Step 
P25). Then, as shown in Fig. 1 8, the liquid crystal driving 
ICs 103a and 103b are mounted on each of the thus- 
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produced liquid crystal panels 102, the illumination de- 
vice 106 is mounted as a back light, and the FPC 104 
is connected to the panel 1 02 to complete the intended 
liquid crystal device 101 (Step P26). 
[0164] The above-described method and apparatus 
for manufacturing a liquid crystal device are character- 
ized by, particularly, the step of producing the color filter 
as described below. Namely, an ink jet head having the 
structure shown in Figs. 1 , 2, 3, 4 or 5 is used for dis- 
charging ink from the nozzle rows 28 of the plurality of 
heads 20 during main scanning of the substrate 12 with 
the carriage 25 serving as supporting means for sup- 
porting the plurality of heads 20. Therefore, the scan- 
ning time can be shortened as compared with the case 
of scanning of the surface of the substrate 12 with one 
head, thereby shortening the time required for produc- 
ing a color filter. 

[0165] Since main scanning is performed with the 
heads 20 each of which is inclined at an angle G with the 
sub-scanning direction Y, the nozzle pitch of the plurality 
of nozzles 27 belonging to each of the heads 20 can be 
coincided with the distance between the filter element 
formation areas 7, i.e., the element pitch, on the sub- 
strate 12. When the nozzle pitch can be geometrically 
coincided with the element pitch, the positions of the 
nozzle rows 28 desirably need not be controlled in the 
sub-scanning direction Y. 

[0166] Also, the entire carriage 25 is not inclined, but 
each of the heads 20 is inclined, the distance T between 
the nozzle closest to the substrate 1 2 and the nozzle 27 
far from the substrate 12 is shorter than the case in 
which the entire carriage 25 is inclined, thereby short- 
ening the scanning time of the substrate 12 with the ink 
jet head 22. Therefore, the time required for producing 
a color filter can be shortened. 

[0167] In the method and apparatus for manufactur- 
ing a liquid crystal device of this embodiment, the fitter 
elements 3 are formed by ink discharge from the ink jet 
head 22, thereby causing no need to pass through such 
a complicated process as the use of the photolithogra- 
phy process and no waste of materials. 

(Eighth Embodiment) 

[0168] Fig. 20 shows a manufacturing method using 
an apparatus for manufacturing an EL device according 
to an embodiment of the present invention. Fig. 21 
shows the main steps of the manufacturing method and 
a main sectional structure of a finally resulted EL device. 
As shown in Fig. 21 (d), an EL device 201 comprises pix- 
el electrodes 202 formed on a transparent substrate 
204; a bank 205 formed in a lattice shape as viewed 
from the direction of arrow G to be located between the 
respective pixel electrodes 202; a hole injection layer 
220 formed in the lattice-shaped recesses; a R color lu- 
minescent layer 203R, a G color luminescent layer 
203G and a B color luminescent layer 203B which are 
formed in the lattice-shaped recesses in a predeter- 
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mined arrangement such as a stripe arrangement as 
viewed from the direction of arrow G; and a counter elec- 
trode 213 formed on the luminescent layers. 
[01 69] When each of the pixel electrodes 202 is driven 

5 by a two-terminal active element such as a TFD (Thin 
Film Diode) element or the like, the counter electrodes 
213 are formed in stripes as viewed from the direction 
of arrow G. When each of the pixel electrodes 202 is 
driven by a three-terminal active element such as a TFT 

10 (Thin Film Transistor) element or the like, the counter 
electrodes 213 are formed as a single planar electrode. 
[01 70] The area held between each of the pixel elec- 
trodes 202 and each of the counter electrodes 213 
serves as a picture element pixel, and a unit of the three 

15 picture element pixels of R, G and B colors forms a pixel. 
By controlling a current flowing through each of the pic- 
ture element pixels, a desired pixel of the plurality of pic- 
ture element pixels is selectively illuminated to display 
a desired full-color image in the direction of arrow H. 

20 [0171] The EL device 201 is manufactured by, for ex- 
ample, the manufacturing method shown in Fig. 20. 
[0172] Namely, in Step P51, as shown in Fig. 21(a), 
active elements such as TFD element, TFT elements, 
or the like are formed on the surface of the transparent 

25 substrate 204, and the pixel electrodes 202 are further 
formed. As the forming method, for example, a photoli- 
thography method, a vacuum deposition method, a 
sputtering method, a pyrosol method, or the like can be 
used. As the material of the pixel electrodes, ITO (Indi- 

30 um Tin Oxide), tin oxide, a compound oxide of indium 
oxide and zinc oxide, or the like can be used. 
[0173] Next, in Step P52, as shown in Fig. 20(a), a 
partition, i.e., the bank 205, is formed by a puttering 
method, for example, a photolithography method, to fill 

35 the spaces between the respective transparent elec- 
trodes 202. This can improve contrast, and prevent color 
mixing of luminescent materials and light leakage from 
the spaces between the pixels. Although the material of 
the bank 205 is not limited as long as it has durability 

40 against a solvent of the EL materials, an organic mate- 
rial which can be fluorinated by fluorocarbon gas plasma 
treatment, for example, an acrylic resin, an epoxy resin, 
photosensitive polyimide, or the like is preferably used. 
[01 74] Next, the substrate 204 is continuously treated 

45 with oxygen gas plasma and fluorocarbon gas plasma 
immediately before ink for the hole injection layer is 
coated (Step P53). This treatment can make a polyimide 
surface water-repellant and an ITO surface hydrophilic, 
thereby controlling wettability of the substrate for finely 

50 patterning ink jet droplets. As the device for generating 
a plasma, either a device for generating a plasma in vac- 
uum or a device for generating a plasma in the air may 
be used in a same manner. 

[0175] Next, in Step P54, as shown in Fig. 21(a), the 
55 ink for the hole injection layer is discharged from the ink 
jet head 22 of the ink jet apparatus 16 shown in Fig. 9, 
and coated in a pattern on the pixel electrodes 202. Spe- 
cifically, the ink jet head controlling method uses the 
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method shown in Fig. 1 , 2, 3, 4 or 5. After coating, the 
solvent is removed under a vacuum (1 torr) at room tem- 
perature for 20 minutes (Step P55), and then heat treat- 
ment is performed in the air at 20°C (on a hot plate) for 
1 0 minutes to form the hole injection layers 220 incom- 5 
patible with ink for luminescent layers (Step P56). The 
thickness of the hole injection layers 220 is 40 nm. 
[0176] Next, in Step P57, as shown in Fig. 21 (b), ink 
for the R color luminescent layer and ink for the G color 
luminescent layer are coated on the hole injection layer 10 
in each of the filter element areas by using an ink jet 
process. In this process, the ink for each luminescent 
layer is discharged from the ink jet head 22 of the ink jet 
apparatus 16 shown in Fig. 9, and the ink jet controlling 
method is performed according to the method shown in 15 
Fig. 1 , 2, 3, 4 or 5. The ink jet process can easily finely 
pattern ink within a short time. The thickness can be 
changed by changing the solid content of an ink com- 
position and the discharge amount. 

[0177] Aftercoatingofthe inks for luminescent layers, 20 
the solvent is removed under a vacuum (1 torr) at room 
temperature for 20 minutes (Step P58), and then the 
inks are conjugated by heat treatment in a nitrogen at- 
mosphere at 150°C for 4 hours to form the R color lu- 
minescent layer 203R and the G color luminescent layer 25 
203G (Step P59). The thickness of the luminescent lay- 
ers is 50 nm. The luminescent layers conjugated by heat 
treatment are insoluble in a solvent. 
[0178] The hole injection layer 220 may be continu- 
ously treated with oxygen gas plasma, and f luorocarbon 30 
gas plasma before the luminescent layers are formed. 
This can form a fluorinated layer on the hole injection 
layer 220 to increase the efficiency of hole injection due 
to an increase in ionization potential, thereby providing 
an organic EL device having a high efficiency of light 35 
emission. 

[0179] Next, in Step P60, as shown in Fig. 21 (c), the 
B color luminescent layer 203B is formed on the R color 
luminescent layer 203R, the G color luminescent layer 
203G and the hole injection layer 220 in each of the pic- 40 
ture element pixels. This can not only form the primary 
colors R, G and B, but also remove the steps between 
the R color luminescent layers 203R and the G color 
luminescent layers 203G, and the bank 205 to planarize 
the surface. Therefore, short-circuiting between the up- 45 
per and lower electrodes can be securely prevented. By 
controlling the thickness of the B color luminescent lay- 
ers 203B, the B color luminescent layers 203B function 
as electron injection transport layers in a laminated 
structure comprising the R color luminescent layers 50 
203R and the G color luminescent layers 203G, thereby 
emitting no B color light. 

[0180] As the method of forming the B color lumines- 
cent layers 203 B as described above, for example, a 
general spin coating method as a wet method, or the 55 
same ink jet method as that for forming the R color lu- 
minescent layers 203R and the G color luminescent lay- 
ers 203G can be used. 
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[0181] Then, in Step P61 , as shown in Fig. 21 (d), the 
counter electrodes 213 are formed to produce the in- 
tended EL device 201 . When the counter electrodes 213 
are formed as a planar electrode, the electrodes can be 
formed by a deposition method such as evaporation, 
sputtering, or the like using, for example, Mg, Ag, Al, Li, 
or the like as a material. When the counter electrodes 
213 are formed as stripe electrodes, the electrodes can 
be formed by patterning a deposited electrode layer by 
photolithography or the like. 

[01 82] In the above-described method and apparatus 
for manufacturing an EL device, an ink jet head having 
the structure shown in Figs. 1 , 2, 3, 4 or 5 is used for 
discharging ink from the nozzle rows 28 of the plurality 
of heads 20 during main scanning of the substrate 12 
with the carriage 25 serving as supporting means for 
supporting the plurality of heads 20. Therefore, the 
scanning time can be shortened as compared with the 
case of scanning of the surface of the substrate 1 2 with 
one head, thereby shortening the time required for pro- 
ducing an EL device. 

[0183] Since main scanning is performed with the 
heads 20 each of which is inclined at an angle 9 with the 
sub-scanning direction Y, the nozzle pitch of the plurality 
of nozzles 27 belonging to each of the heads 20 can be 
coincided with the distance between the EL picture ele- 
ment pixel formation areas 7, i.e., the element pitch, on 
the substrate 1 2. When the nozzle pitch can be geomet- 
rically coincided with the element pitch, the positions of 
the nozzle rows 28 desirably need not be controlled in 
the sub-scanning direction Y. 

[0184] Also, the entire carriage 25 is not inclined, but 
each of the heads 20 is inclined, the distance T between 
the nozzle 27 closest to the substrate 1 2 and the nozzle 
27 far from the substrate 12 is shorter than the case in 
which the entire carriage 25 is inclined, thereby short- 
ening the scanning time of the substrate 12 with the ink 
jet head 22. Therefore, the time required for producing 
a EL device can be shortened. In the manufacturing 
method and apparatus of this embodiment, the picture 
element pixels 3 are formed by ink discharge from the 
Inkjet head 22, thereby causing no need to pass through 
such a complicated process as the use of the photoli- 
thography process and no waste of materials. 

(Other embodiments) 

[0185] Although the present invention is described 
above with reference to the preferred embodiments, the 
present invention is not limited to the embodiments, and 
various modifications can be made within the scope of 
the claim of the present invention. 
[0186] For example, in the above-described embodi- 
ments, six heads 20 are provided in the ink jet head 22 
as shown in Fig. 1 , the number of the heads 20 can be 
decreased or increased. 

[0187] In the embodiment shown in Fig. 1 , plural lines 
of the color filter formation areas 11 are set on the moth- 
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er board 12, however, the present invention can be ap- 
plied to the case in which one line of the color filter for- 
mation areas 1 1 is formed on the mother board 1 2. Also, 
the present invention can be applied to the case in which 
only one colorfilter formation area 11 , whose size is sub- 5 
stantially the same as or extremely smaller than the 
mother board 12, is set on the mother board 12. 
[0188] In the apparatus producing a colorfilter shown 
in Figs. 9 and 10, the ink jet head 22 is moved in the X 
direction to perform main scanning of the substrate 1 2, to 
and the substrate 12 is moved in the Y direction by the 
sub-scanning driving device 2 1 to perform sub-scanning 
of the substrate 12 with the ink jet head 22. However, in 
contrast, the substrate 1 2 may be moved in the Y direc- 
tion to execute main scanning, and the ink jet head 22 15 
may be moved in the X direction to execute sub-scan- 
ning. 

[01 89] Although each of the above-described embod- 
iments uses an ink jet head having a structure in which 
ink is discharged by utilizing deflection of a piezoelectric 20 
element, an ink jet head having any desired structure 
can be used. 

[01 90] Although each of the above-described embod- 
iments has a general construction in which the main 
scanning direction is perpendicular to the sub-scanning 25 
direction as an example, the relation between the main 
scanning direction and the sub-scanning direction is not 
limited to the perpendicular relation, and both directions 
may cross each other at any desired angle. 
[0191] As the material to be discharged, various ma- so 
terials can be selected according to the elements 
formed on an object such as a substrate or the like. Be- 
sides the above-described ink and EL luminescent ma- 
terials, for example, a silica glass precursor, a conduc- 
tive material such as a metal compound, a dielectric ma- 35 
terial, or a semiconductor material may be used. 
[01 92] Although the above embodiments relate to the 
method and apparatus for producing a color filter, the 
method and apparatus for manufacturing a liquid crystal 
device, and the method and apparatus for manufactur- 40 
ing an EL device as examples, the present invention is 
not limited to these examples, and can be used for all 
industrial techniques for finely patterning an object. 
[01 93] Examples of applications include the formation 
of various semiconductor devices (thin film transistors, 4s 
thin film diodes, etc.), various wiring patterns, and insu- 
lating films, etc. 

[0194] As the material to be discharged from a head, 
various materials can be selected according to the ele- 
ments formed on an object such as a substrate or the 50 
like. Besides the above-described ink and EL lumines- 
cent materials, for example, a silica glass precursor, a 
conductive material such as a metal compound, a die- 
lectric material, or a semiconductor material may be 
used. 55 
[0195] Although, in the above-described embodi- 
ments, the head is referred to as an "ink jet head" for 
the sake of convenience, the material to be discharged 



from the ink jet head is not limited to ink, and examples 
of the material to be discharged include the EL lumines- 
cent materials, a silica glass precursor, a conductive 
material such as a metal compound, a dielectric mate- 
rial, a semiconductor material, and the like. The liquid 
crystal device and EL device manufactured by the man- 
ufacturing method and apparatuses of the above em- 
bodiments can be mounted on the display sections of 
electronic devices, for example, a cellular phone, a port- 
able computer, etc. 

[Advantage of the Invention] 

[0196] In a color filter, a liquid crystal device, an EL 
device and apparatuses and methods for producing 
these devices of the present invention, ink is discharged 
from a plurality of heads during main scanning of a sub- 
strate with the plurality of heads. Therefore, the scan- 
ning time can be shortened as compared with the case 
of scanning of the surface of the substrate with one 
head. 

[0197] Since main scanning is performed with the 
heads each of which is inclined, the nozzle pitch of the 
plurality of nozzles belonging to each of the heads can 
be coincided with the element pitch of filter elements or 
picture element pixels formed on the substrate. 
[0198] Furthermore, since not the entire supporting 
mechanism for supporting the plurality of heads is in- 
clined, but each of the heads is inclined, the distance 
between the nozzle closest to the substrate and the noz- 
zle far from the substrate is shorter than the case in 
which the entire supporting means is inclined, thereby 
shortening the scanning time of the substrate with the 
supporting mechanism. Therefore, the time required for 
producing a color filter, a liquid crystal device, or a EL 
device can be shortened. 



Claims 

1 . An apparatus for discharging a material to an object 
comprising: 

a plurality of heads each having a nozzle row 
comprising an arrangement of a plurality of noz- 
zles; 

a supporting mechanism for supporting the plu- 
rality of heads; and 

a mechanism for scanning one of the object and 
the supporting mechanism relative to the other, 

wherein the nozzle row is inclined relative to 
the scanning direction. 

2. An apparatus for discharging a material according 
to Claim 1 , wherein the plurality of the heads are 
supported obliquely relative to the longitudinal di- 
rection of the supporting mechanism. 
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3. An apparatus for discharging a material according 
to Claim 1 or 2, wherein one of the object and the 
supporting mechanism is scanned relative to the 
other in a main scanning direction or a sub-scan- 
ning direction crossing the main scanning direction. 

4. An apparatus for discharging a material according 
to any one of Claims 1 to 3, wherein the plurality of 
the heads have substantially the same nozzle pitch 
of the nozzle rows, and substantially the same in- 
clination angle of the nozzle rows. 

5. An apparatus for discharging a material to an object 
comprising: 

a plurality of heads each having a nozzle row 
comprising an arrangement of a plurality of noz- 
zles; 

a supporting mechanism for supporting the plu- 
rality of the heads; 

a mechanism for scanning one of the object and 
the supporting mechanism relative to the other; 
and 

a mechanism for controlling the angle formed 
by at least one of the nozzle rows and the scan- 
ning direction. 

6. An apparatus for discharging a material according 
to Claim 5, further comprising: 

a mechanism for controlling the spacing be- 
tween the plurality of the nozzle rows. 

7. An apparatus for discharging a material according 
to Claim 5 or 6, 

wherein the mechanism for controlling the an- 
gle between at least one nozzle row and the scan- 
ning direction controls the angle in such a manner 
that the plurality of the heads have substantially the 
same nozzle pitch of the nozzle rows and substan- 
tially the same inclination angle of the nozzle rows. 

8. A method of discharging a material to an object 
comprising: 

the step of scanning either a plurality of heads 
or a supporting mechanism for supporting the 
plurality of the heads relative to the other, the 
heads each having a nozzle row comprising an 
arrangement of a plurality of nozzles; and 
the step of discharging the material to the ob- 
ject, 

wherein at least one of the nozzle rows is in- 
clined relative to the scanning direction. 

9. A method for discharging a material according to 
Claim 8, wherein one of the object and the support- 



ing mechanism is scanned relative to the other in a 
main scanning direction or a sub-scanning direction 
crossing the main scanning direction. 

5 10. A method for discharging a material according to 
any one of Claims 8 and 9, wherein the plurality of 
the heads have substantially the same nozzle pitch 
and substantially the same inclination angle of the 
nozzle rows. 

10 

11. A method for discharging a material according to 
any one of Claims 8 to 10, further comprising: 

the step of controlling the angle formed by at 
15 least one of the nozzle rows and the scanning 

direction. 

12. A method for discharging a material according to 
any one of Claims 8 to 11 , further comprising: 

20 

the step of controlling the spacing between the 
plurality of the nozzle rows. 

13. An apparatus for producing a color filter comprising 
25 a discharging apparatus according to any one of 

Claims 1 to 7, 

wherein a color filter material as the material 
is discharged to a substrate serving as the object. 

30 14. An apparatus for manufacturing an EL device com- 
prising a discharging apparatus according to any 
one of Claims 1 to 7. 

wherein an EL luminescent material as the 
material is discharged to a substrate serving as the 

35 object. 

15. An electronic apparatus comprising a component 
manufactured by a manufacturing method compris- 
ing a method of discharging a material according to 

to any one of Claims 1 0 to 1 2. 

16. An apparatus for producing a color filter comprising: 

a plurality of heads each having a nozzle row 
45 comprising an arrangement of a plurality of noz- 

zles; 

a mechanism for supplying a filter material to 
the heads; and 

a supporting mechanism for supporting the plu- 
50 rality of the heads, 

wherein the supporting mechanism supports 
the plurality of the heads in an inclined state. 

55 17. An apparatus for producing a color filter according 
to Claim 16, wherein the supporting mechanism 
supports the heads in a fixed state. 
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18. An apparatus for producing a color filter according 
to Claim 1 6 or 1 7, wherein the plurality of the heads 
have substantially the same nozzle pitch of the noz- 
zle rows, and substantially the same inclination an- 
gle of the nozzle rows. 

19. An apparatus for producing a color filter comprising: 

a plurality of heads each having a nozzle row 
comprising an arrangement of a plurality of noz- 
zles; 

a mechanism for supplying a filter material to 
the heads; 

a supporting mechanism for supporting the plu- 
rality of the heads; 

a main scanning mechanism for moving the 
supporting mechanism by main scanning; 
a sub-scanning mechanism for moving the sup- 
porting means by sub-scanning; 
a nozzle row angle control mechanism for con- 
trolling the inclination angles of the plurality of 
the nozzle rows; and 

a nozzle row spacing control mechanism for 
controlling the spacing between the plurality of 
the nozzle rows. 

20. An apparatus for producing a color filter according 
to Claim 1 9, wherein the plurality of the heads have 
substantially the same nozzle pitch and substantial- 
ly the same inclination angle of the nozzle rows. 

21. A method of producing a color filter comprising: 

the step of moving, in a main scanning direc- 
tion, a head having a nozzle row comprising an 
arrangement of a plurality of nozzles while dis- 
charging a filter material from the plurality of 
nozzles to form a filter element on a substrate, 

wherein a plurality of the heads are provided 
to be arranged in an inclined state. 

22. A method for producing a color filter according to 
Claim 21, wherein the plurality of the heads have 
substantially the same nozzle pitch of the nozzle 
rows, and substantially the same inclination angle 
of the nozzle rows. 

23. An apparatus for manufacturing a liquid crystal de- 
vice comprising: 

a plurality of heads each having a nozzle row 
comprising an arrangement of a plurality of noz- 
zles ; 

a mechanism for supplying a filter material to 
the heads; 

a supporting mechanism for supporting the plu- 
rality of the heads; 



a main scanning mechanism for moving the 
supporting mechanism by main scanning; and 
a sub-scanning mechanism for moving the sup- 
porting mechanism by sub-scanning, 

5 

wherein the supporting mechanism supports 
the plurality of the heads in an inclined state. 

24. A method of manufacturing a liquid crystal device 
10 comprising: 

the step of moving, in a main scanning direc- 
tion, a head having a nozzle row comprising an 
arrangement of a plurality of nozzles while dis- 
*5 charging a filter material from the plurality of 

nozzles to form a filter element on a substrate, 

wherein a plurality of the heads are provided 
to be arranged in an inclined state. 

20 

25. An apparatus for manufacturing an EL device com- 
prising: 

a plurality of heads each having a nozzle row 
comprising an arrangement of a plurality of noz- 
zles; 

a mechanism for supplying an EL luminescent 
material to the heads; 

a supporting mechanism for supporting the plu- 
rality of the heads; 

a main scanning mechanism for moving the 
supporting mechanism by main scanning; 
a sub-scanning mechanism for moving the sup- 
porting mechanism by sub-scanning; 
a nozzle row angle control mechanism for con- 
trolling the inclination angles of the plurality of 
the nozzle rows; and 

a nozzle row distance control mechanism for 
controlling the spacing between the plurality of 
the nozzle rows. 

26. A method of manufacturing an EL device compris- 
ing: 

the step of moving, in a main scanning direc- 
tion, a head having a nozzle row comprising an 
arrangement of a plurality of nozzles while dis- 
charging an EL luminescent material from the 
plurality of nozzles to form an EL luminescent 
layer on a substrate, 

wherein a plurality of the heads are provided 
to be arranged in an inclined state. 
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